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Changes of Some Physiological Characteristics and Agronomic Traits during Ge-
netic Improvement of Soybean Cultivars in Jilin Province of China
LIU Guo- ning,ZHANG Zhi- an, XU Ke- zhang

(College of Agronomy,Jilin Agricultural University , Changchun 130118, Jilin, China)

Abstract ; Soybean yield in the world increased significantly with year of release. Future yield increase may be dependent on
an understanding of the changes in soybean cultivars made by breeding and selection. However, the yield of new soybean
cultivars did not show a linear increase in recent years in China. This may be related with that no clear physiological indexes
were used for the selection of high yield soybean cultivars. The objective of this paper is to provide a review on some physio-
logical characteristics changes associated with yield increase during the genetic improvement of soybean from 1923 to 2005
in Jilin province. At the same time,in order to evaluate the changes of physiological characteristics,a comparison between
some physiological characteristics and some agronomic traits was made. We found that the genetic improvement of agronomic
traits by soybean breeding has made obvious progress, meanwhile, some physiological characteristics were improved, while
the percentage changes of physiological characteristics were smaller than those of agronomic traits. The genetic improvement
of some physiological characteristics, such as, photosynthetic ability, apparent mesophyll conductance ( ALMC) , nitrate re-
ductase activity (NRA) ,the number of nodule still have huge yield potentiality. Soybean breeding with physiological charac-
teristics as breeding targets will have big improvement in soybean yield.
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World soybean production has increased sharply and genetic improvement of soybean cultivars. How to
in past decades ' *'. The yield increase based on per estimate the contribution of genetic improvement, Cox
unit area was mainly contributed by cultural practices et al "*' pointed out the comparison of cultivars in com-
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mon environments was the most direct estimate of ge-
netic progress. According to the method of Cox et al,
many researches showed that yield of soybean cultivars

28 under

was increased linearly with years of release

same cultural and management environment. At the
. . f et 78]

same time, agronomic characteristics , growth fea-

9-10 11-16
! L ' were compared

tures' and physiological traits
to examine the reason of cultivars difference in soybean
yield. Specht et al '"'and Ustun et al'®' suggested that
soybean yield increase was linear in past several decen-
niums, this linear increase demonstrate that a yield
plateau has not been reached. But, the yield of new
soybean cultivars not showed linear increase in recent
years in China *'. This may be related with that no
new breeding selection indexes and target are used for
the programme of high yield soybean cultivars **'>"),
Although many agronomic traits and physiological char-
acteristics were correlated with yield , what target would
be used as new soybean cultivars breeding were not de-
termined. The future yield increase may be dependent
on an understanding of agronomic traits and physiologi-
cal characteristics of high yield soybean cultivars by
breeders. In order to understand the yield potential of
selection indexes of new cultivars in future soybean
breeding , forty soybean cultivars released from 1923 to
2005 in Jilin province were grown under the same field
conditions, and some agronomic traits and physiological
characteristics at R2 and R4 stages were comparative
studied simultaneously. The objective of this paper is to
provide a review for our research results from 2005 to
2008. We hope that the work will be beneficial to plan
further breeding strategic target, and to portend for
yield improvement in breeding new high yield soybean

cultivars.
1 Materials and methods

1.1 Research location and soybean cultivars
Research work was conducted at experimental sta-
tion of Jilin Agricultural University , Changchun city, Ji-
lin Province P. R. of China (125. 10E Longitude,
43. 53N Latitude ) in 2005 and 2006. The annual aver-
age precipitation is 567mm; = 10°C accumulated tem-

perature is 2860°C ; annual average temperature is 4.

6°C in Changchun region. Forty soybean cultivars were
chosen for research, three most old ancestral soybean
cultivars are Huangbaozhu ( released in 1923 ) , Yuan-
baojin and Mancanjin ( both released in 1929 ), re-
spectively. The latest new cultivars in the experiment
are Jinong No. 16 (released in 2005). The time span of
release is 82 years ( Table 1 ). Seed was planted on 28
April in 2005 and 29 April in 2006, respectively. The
experiment was in a randomized complete block design
with three replications. The stand was thinned to 25
plants per m” after planting for about three weeks. Cul-
tivars were in five rows of 5 m in length and 0. 65 m in

width between the rows.

Table 1 Name,year of release,days to maturity and origination
in experimental soybean cultivars
Cultivar Year of release Days to maturity Origination
Huangbaozhu 1923 140 JAAS
Mancangjin 1929 135 JAAS
Yuanbaojin 1929 131 JAAS
Jinyuan No. 1 1941 133 JAAS
Jiti No. 5 1956 134 JAAS
Jilin No. 1 1963 140 JAAS
Jilin No.2 1963 130 JAAS
Jilin No. 3 1963 135 JAAS
Jilin No. 4 1963 135 JAAS
Jilin No. 5 1963 145 JAAS
Jilin No. 6 1963 140 JAAS
Jilin No.7 1971 125 JAAS
Jilin No. 8 1971 134 JAAS
Jilin No.9 1971 135 JAAS
Jilin No. 10 1971 128 JAAS
Jilin No. 12 1971 130 JAAS
Jilin No. 15 1978 128 JAAS
Jilin No. 16 1978 142 JAAS
Jilin No. 18 1982 125 JAAS
Jilin No. 20 1984 123 JAAS
Jilin No. 22 1989 116 JAAS
Jilin No.23 1990 120 JAAS
Jilin No. 26 1991 118 JAAS
Jinong No. 4 1992 128 JLAU
Jilin No. 30 1995 132 JAAS
Jilin No. 35 1995 126 JAAS
Jiunong No. 21 1995 129 JLAC
Jilin No. 36 1996 131 JAAS
Jilin No. 38 1998 135 JAAS
Jilin No. 43 1998 116 JAAS
Jilin No. 47 1999 115 JAAS
Jinong No.7 1999 129 JLAU
Jilin No. 45 2000 128 JAAS
Jilin No. 55 2001 119 JAAS
Jilin No. 58 2001 115 JAAS
Jinong No. 11 2002 132 JLAU
Jinong No. 12 2002 130 JAAS
Jiyu No. 66 2002 126 JAAS
Jinong No. 15 2004 130 JLAU
Jinong No. 16 2005 132 JLAU

Abbreviations; JAAS - Jilin Academy of Agricultural Sciences;
JLAU - Jilin Agricultural University ; JLAC — Jilin Agricultural College.
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1.2 Method of measurement

Some agronomic traits were measured at R4 and
R6 stages. Seed yield was calculated based on per unit
area ; measurement was made from the three center rows
of each plot after 50 em were discarded in the end of
the rows at R8 stage. Physiological characteristics in
this paper were measured at R2 and R4 stages, after
leaves were collected from plants at 9:00 - 11,30 h,
placed in a plastic bag and temporarily stored in a vac-
uum bottle ,where it provide a water saturated and low
temperature (4 —6°C) environment by ice cubes cov-
ered with gauze for transport to the laboratory,then the
leaves were used for the measurement of physiological
characteristics. Volume of nodule, number of nodule
and fresh weight of nodule were measured by using 20
soybean cultivars in potted plants.

Net photosynthetic rate and related photosynthetic
characteristics were measured with a portable photosyn-
thesis system ( model Li —6400,LI - COR. ,Inc. ,Lin-
coln,NE). Measurement works were done at 9:00 —
11:30 with stable red — blue light source under field
condition ; photo flux density is 1 200 uEm *-s~". All
the data are means of three days measurement at each

growth stage.

2  Results

2.1 Changes of yield and some agronomic traits
There were significant seed yield difference among
cultivars,and soybean seed yield increased nearly 1%
with the year of release. Days to maturity were decreased
significantly with year of release. As the increase of
yield and the decrease of days to mature, harvest index
and biomass increased with year of release. Plant height
and number of branch were decreased; stem diameter
was lodging resistance were increased with year of re-
lease. Capacity of sink,such as pod number ,seed num-
ber ,and seed weight were increased with the genetic
improvement of soybean cultivars. We use leaf area to
express photosynthetic production ability of source,and
found that although leaflet area was decreased with year
of release, node number was increased, and as the re-
sult,the number of leaf and leaf area and leaf area index
(LAI) were increased. Seed weight per unit leaf area
and seed number per unit leaf area were increased with
year of release, but, number of blighted pod was in-
creased as the increase of number of pod and seed (Ta-
ble 2). This result showed the increase of sink capacity

was larger than that of source (leaf area).

Table 2 Changes of yield and some agronomic traits during the genetic improvement of soybean

cultivars from 1923 to 2005 in Jilin province

Correlation
Regression Increase or Correlation coefficient
Traits Units coefficient
equation decrease/ % with year of release

with yield
Yield kg * hm =2 12.541 0x - 228.34 80. 19 0.82"* -
Maturity d -0.203 4x + 531.4 -11.89 -0.53*" -0.25
Harvest index % 0.000 9x - 1.244 15.16 0.52** 0.55"*
Biomass g+ m~? 1.029 8x - 1624.5 23.73 0.32 0.36
Number of pod No. * plant 0.313 8x — 562.23 61.53 0.48 " 0.49 "
Number of seed No. * plant! 0.333 65x -616.24 89.44 0.45" 0.46""
blighted pod No. * plant = 0.033 7x - 63.929 315.42 0.55" 0.68""
Seed weight g * plant 7! 0.120 7x - 215.48 59.53 0.72"" 0.68"*
100 - seeds wt. g 0.016 7x - 17.975 10.26 0.26 0.19
Plant height cm -0.327 2x + 753.66 -21.56 -0.55"" -0.52""
Stem diameter mm 0.004 6x — 8.054 3 47.66 0.44" 0.33
Lodging index - -0.025 4x + 53.011 -50.00 -0.72*" -0.66""
Number of branch number -0.036 8x + 75.365 -65.62 -0.60*" -0.51*"
Number of node number 0.051 2x - 80.011 22.76 0.41" 0.26
Leaf area plant * cm ~2 0.388 7x% — 1521.6x + 1E + 6 45.01 0.51"* 0.34
Leaflet area em? - 0.209x + 463.73 -27.72 -0.37* -0.37"
LAI - 0.006x> — 2.213 8x + 2167.3 36.03 0.47 " 0.49 "
Number of leaf No. * plant ~! 0.002 65 — 10.027x + 9 725.8 151.30 0.58"" 0.52*"
Seed weight/leaf area g+ dm 2 0.004 6x — 8.104 1 50. 86 0.62** 0.60"*
Number of seed/leaf area No. * dm ~2 0.034 5x -61.332 56.45 0.46* 0.48 *

“*7and” ** "indicate Significant level at 5% and 1% probability level, respectively
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2.2 Changes of some physiological characteristics

Leaf net photosynthetic rate (Pn) , stomatal con-
ductance ( Gs ), apparent mesophyll conductance
(ALMC) and transpiration ( Tr) were increased signif-
icantly with year of release (table,3). As the increase
of Tr was higher than that of Pn,as the result, water us-
age efficiency (WUE) was decreased with year of re-
lease. Specific leaf weight (SLW ) and chlorophyll con-
tent were increased significantly with the year of re-
lease.

Soluble protein content was increased, but it is

not shown significant changes with year of release and

yield. Leaf soluble sugar content was increased signifi-
cantly with the year of release and yield. Soybean is a
crop of accumulated more nitrogen in seed and ab-
sorbed more nitrogen during the growth than other
crops. We found that modern cultivars had higher ni-
trate reductase activity ( NRA) in leaf than old culti-
vars, meanwhile, volume , number and fresh weight of
nodule in roots were increased with year of release and
yield. Production enzyme activity such as, SOD, POD
and CAT in leaf were increased with year of release,
but it is not significant. MDA content was increased

significantly with year of release and yield.

Table 3 Changes of yield and some physiological characteristics during the genetic improvement of

soybean cultivars from 1923 to 2005 in Jilin province

Correlation
Traits Units Regression Increase or Correlation coefficient coefficient
equation decrease/ % with year of release

with yield
Yield kg + hm =2 12.541x -228.34 80.19 0.8161 " -
Pn pmolCO, *m 25! 0.046 9x - 68.382 17. 64 0.5760 ** 0.6102""
Tr mmolH, 0 *m =2+ s~! 0.034 1x -60.733 57.76 0.7750 ** 0.6277 **
Gs molH, 0 *m 257! 0.002 2x —3.4243 22.37 0.3278* 0.1613
WUE umolCO, * mmol ~'H, 0 -0.012 3x +27.919 -23.64 -0.6423"" -0.5166 "
Ci wmol * mol ~! -0.223 5x +709.6 -6.55 -0.5705"" -0.2821
ALMC mmol *+m =%+ 5! 0.000 2x -0.3523 50.77 0.5254** 0.5211*"
Ci/Ca - -0.000 6x +1.8005 -7.61 -0.4446"" -0.3493 "
Chl content mg * dm ~2 0.012 6x - 19.057 19.97 0.3889 " 0.2885
SLW mg * dm ~2 1.177 9x - 1888.3 25.63 0.6059 ** 0.6705 "
Soluble protein content mg * g~ 0.025 7x —32.063 12.14 0.2978 0.179%4
Soluble sugar content mg g~ 0.077 8x —139.24 61.52 0.5813** 0.4266 **
NRA pgegteh! 1.953 1x -3166.9 27.20 0.7212** 0.6197 *~
Volume of nodule mL * plant = 0.052 3x - 100.74 586.92 0.8300 " 0.7700 **
Number of nodule Number * plant ! 3.497 5x - 6665.8 478.85 0.7200 ** 0. 6600 "~
Fresh weight of nodule g * plant ™! 0.053 3x - 102.8 640. 17 0.8400 "~ 0.7800 **
SOD activity U-g 'FW 0.679 6x — 966.5 16.37 0.1533 0.1589
POD activity 0D470/gFW + min ! 0.041 x - 65.622 25.43 0.2644 0.0472
CAT activity U-*g*min~! 5.779 7 x - 10129 48.10 0.2316 0. 0401
MDA content Mmol + g ' FW -0.057 3 x +127.87 -26.57 -0.4727"" -0.5355""

3 Discussion

Forty soybean cultivars released from 1923 to
2005 were grown under the same field conditions simul-
taneously, yield, agronomic traits and physiological
characteristics were compared, the results indicated
soybean breeder have made great genetic improvement
in yield, some agronomic traits and physiological char-

acteristics. The changes of yield and related agronomic

traits were the results selected by soybean breeder, Our
results of yield and agronomic traits genetic improve-
ment are consistent with the estimate of Wilcox et
al. ! in sixty years of soybean genetic improvement,
and is nearly in concordance with the results from
Boerma "7 , Voldeng et al. 70 Kumudini et al. ' and
Ustun et al. ®'. The increase of yield was correlated

with the improvement of agronomic traits, such as bio-

mass , harvest index, lodging resistance , number of pod
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and seed, days to maturity, plant height, stem diameter
and leaf traits. But, whether these agronomic traits are
still have potential selection value in future soybean
breeding, we must make comprehensive analysis. For
example , short — season cultivars were selected by soy-
bean breeder in Jilin province. This selection was relat-
ed to demand of farmer, because farmer in Jilin prov-
ince are accustomed to later sowing and early harvest in
soybean production calendar, by this calendar soybean
producers are able to adjust labor, this result is consist-
ent with that of Ustun et al “* but it was different from
the result of Morrison et al''*'. Although , the yield did
not decrease as shorten of days to maturity, most soy-
bean breeder have believed that days to maturity of
soybean cultivars in Jilin province should not shorter
than 115 d. Kumudini et al"®’ pointed out that yield ge-
netic improvement of short — season soybean was main-
ly associated with longer leaf area duration and the sub-
sequently greater dry matter accumulation. The correla-
tion of yield and days to maturity is not a true case. In
the second example, plant height was decreased with
year of release and with the increase of yield, the in-
crease of lodging resistance was related with the de-
crease of plant height and the increase of stem diame-
ter. But if plant height was further decreased,the num-
ber of leaflet and pods would be affected. Voldeng et
al'”' pointed out that the reduction in lodging was not a-
chieved through a decrease in plant height. Ustun et al
“*Ifound that plant height decreased until the 1970s,
but after that it began to increase in the U. S. Mid-
south. The third example was that number of pod and
seed were increased with year of release,and were sig-
nificant positively correlated with yield , but we also
found that blighted pod was increased with year of re-
lease and increase of yield. This result showed that new
cultivars have been well developed in sink capacity , al-
though the ability of source was also been improved, it
can not fit the need of sink.

Soybean breeders were mainly focused in agro-
nomic traits, as the limitation of measurement condi-
tions, physiological characteristics were used as selec-
tion indexes of high yield had not been put into practi-
cal use. So they did not know the changes of physiologi-

cal characteristics in new released soybean cultivars.
Our research showed that genetic improvement of yield
and agronomic traits of soybean cultivars has resulted
in the improvement of physiological characteristics.
Some physiological characteristics,such as photosynthe-
sis, nitrate reductase activity ( NRA ), volume of nod-
ule ,number of nodule and fresh weight of nodule and
MDA content were closely correlated with year of re-
lease and seed yield of soybean cultivars,but for some
physiological characteristics, such as Pn, SLW, NRA
and MDA content were no greater changes during ge-
netic improvement of 82 years, even they have signifi-
cant correlation with year of release and yield. For in-
stance, there were significant difference in Pn among
soybean cultivars '"* "' Richards '*'pointed out that
increase crop photosynthesis might improve yield. Du et
al "' demonstrated that Pn among twenty — six soybean

cultivars were in the range of 6.9 —25.2 mol CO,-m >

-s”", maximum difference was 18. 3 molCO,- m™*-
s ' In our results, Pn of forty soybean cultivars were in
the ranges of 18.6 —28.3 molCO,-m *-s~'
.57 at R2

and R4 stages. But Pn has only increased 3. 8 molCO,

and most
cultivars difference was 9.7 molCO, - m~
m 57" (17.6% ) by genetic improvement from 1923 to
2005 according the regression equation. In our recent re-
searches, we found that modern soybean with higher
seed yield were mainly correlated with larger leaf area
than old soybean cultivars, as the results, modern soy-
bean cultivars had higher photosynthetic ability. Because
further increase of plant leaf area or leaf area index
would be limited by canopy structure and light transition
through canopy ,improvement of Pn ( photosynthetic a-
bility per unit leaf area ) would have more potential val-
ue in soybean yield genetic improvement' >’

This study demonstrated that soybean breeders
have made greater genetic improvement in yield and
agronomic traits, at the same time, physiological char-
acteristics have significant changed with year of release
and yield. In order to achieve soybean yield break-
through, it might portend that a new breeding pro-
gramme of biology and physiological traits as selective
indexes must be established in future soybean high

yield breeding.
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